Contact of Mycobacterium tuberculosis (M.tb) with the immune system requires interactions between microbial surface molecules and host pattern recognition receptors. Major M.tb-exposed cell envelope molecules, such as lipomannan (LM), contain subtle structural variations that affect the nature of the immune response. Here we show that LM from virulent M.tb (TB-LM), but not from avirulent Myocobacterium smegmatis (SmegLM), is a potent inhibitor of TNF biosynthesis in human macrophages. This difference in response is not because of variation in Toll-like receptor 2-dependent activation of the signaling kinase MAPK p38. Rather, TB-LM stimulation leads to destabilization of TNF mRNA transcripts and subsequent failure to produce TNF protein. In contrast, SmegLM enhances MAPKactivated protein kinase 2 phosphorylation, which is critical for maintaining TNF mRNA stability in part by contributing microRNAs (miRNAs). In this context, human miRNA miR-125b binds to the 3′ UTR region of TNF mRNA and destabilizes the transcript, whereas miR-155 enhances TNF production by increasing TNF mRNA half-life and limiting expression of SHIP1, a negative regulator of the PI3K/ Akt pathway. We show that macrophages incubated with TB-LM and live M.tb induce high miR-125b expression and low miR-155 expression with correspondingly low TNF production. In contrast, SmegLM and live M. smegmatis induce high miR-155 expression and low miR-125b expression with high TNF production. Thus, we identify a unique cellular mechanism underlying the ability of a major M.tb cell wall component, TB-LM, to block TNF biosynthesis in human macrophages, thereby allowing M.tb to subvert host immunity and potentially increase its virulence.
lipoglycans | innate immunity | cell signaling | intracellular pathogen M ycobacterium tuberculosis (M.tb) subverts host innate immune responses and survives within macrophages by various mechanisms, particularly by using its unique outer cell wall molecules including lipoglycoconjugates, such as mannose-capped lipoarabinomannan, lipomannan (LM), and phosphatidyl-myoinositol mannosides (PIMs), in addition to mannosylated lipopeptides (1) . Whereas much attention has been given to the biological properties of mannose-capped lipoarabinomannan and PIMs, there has been less interest in studying LM. Mycobacterial LM is structurally defined by a GPI anchor linked to a linear α(1→6)-mannan containing some α(1→2)-mannose branches (2) . In particular, LMs from different mycobacterial species exhibit both proinflammatory and anti-inflammatory responses through Toll-like receptor (TLR) 2-dependent and -independent pathways (3, 4) . Although LMs from different mycobacterial strains and species clearly activate several immune responses in macrophages, the molecular and cellular mechanisms underlying this activation remain unclear, particularly in human macrophages.
TNF plays a central role in the establishment of M.tb infection and maintenance of latent tuberculosis (5) . The relative production of TNF varies among pathogenic and nonpathogenic mycobacterial species (6) . Regulation of TNF biosynthesis is complex. Like many eukaryotic proteins, TNF contains an adenylate/uridylate-rich element (ARE) in its mRNA 3′ UTR that is frequently targeted by RNA binding proteins for degradation (7) . The initiation or stabilization of TNF transcription is thought to be controlled by various proteins, including tristetraprolin (TTP), human antigen R, Tcell intracytoplasmic antigen-1, and TIA-1-related protein (8) . In addition to mRNA stability, posttranscriptional regulation of many inflammatory genes occurs through p38 MAPK-mediated activation of MAPK-activated protein kinase 2 (MK2) (9) . Activated MK2 stabilizes TNF mRNA through TTP phosphorylation (10) . Nonphosphorylated TTP binds to the ARE region of target mRNAs and induces rapid degradation through various mechanisms (11) (12) (13) .
Another means of eukaryotic control of gene expression is through microRNAs (miRNAs), which function as posttranscriptional regulators of many genes. MicroRNAs mediate their effect by binding mRNA 3′ UTR regions usually resulting in mRNA degradation. MiR-125b targets the 3′ UTR region of TNF mRNA transcript destabilizing it (14) . MiR-155 targets the 3′ UTR region of the inositol phosphatase SHIP1 mRNA, leading to its degradation. SHIP1 functions a negative regulator of TNF production (15) . It was recently recognized that the pathogenic bacterium Francisella can regulate miRNAs, thereby modulating host immunologic responses (16) . Despite the apparent differences in TNF production in response to mycobacterial species and their cell wall products, no studies to date have analyzed their effects on miRNAs.
In the present study, we examined the effects of LMs from virulent (M.tb H 37 R v ) and avirulent (Mycobacterium smegmatis) mycobacteria on TNF production in human macrophages. Although both SmegLM and TB-LM activate TLR2-dependent MAPK p38 and the PI3K/Akt pathway with production of steadystate TNF mRNA, TB-LM treated macrophages fail to produce TNF protein. We found that this deficiency is due to increased turnover of TNF mRNA and decreased levels of polysome-bound TNF mRNA in response to TB-LM compared with SmegLM as a result of differential activation and expression of MK2, miR125b, and miR-155.
Results
Differential Production of TNF by LM-Stimulated Human Macrophages. We compared the levels of TNF production induced by TB-LM and by SmegLM in human monocyte-derived macrophages (MDMs) (17) after 24 h of exposure. MDMs incubated with TB-LM produced significantly less TNF than those incubated with SmegLM [14.11% ± 1.72% that of SmegLM (mean ± SEM; n = 5)] (Fig. 1A) . A similar response was observed using the human monocytic cell line THP-1 (Fig. 1B) . Given that certain LMs serve as ligands for TLR2 (3, 4) , we next investigated the involvement of TLR2 in SmegLM-induced TNF production. In contrast to the control MDMs, TNF production in response to SmegLM was significantly reduced in cells transfected with TLR2 siRNA (Fig. 1  C and D) , demonstrating that TLR2 is an important receptor for SmegLM-mediated TNF production in human macrophages.
TB-LM and SmegLM Activate MAPK p38 and Akt in Macrophages.
Mycobacterial cell wall components, such as lipoarabinomannan (LAM), LM, and PIMs, can activate the MAPK/Akt pathway, leading to the production of proinflammatory mediators (18, 19) . We next examined whether TB-LM and SmegLM differentially activate these upstream kinases involved in TNF biosynthesis in human macrophages. Our results show that both LMs were able to activate these kinases, equivalently in the case of MAPK p38 and quantitatively greater in the case of Akt with SmegLM (Fig. S1 ). In addition, TLR2 knockdown in MDMs confirmed that the activation of Akt and MAPK p38 by TB-LM occurs through TLR2 ( Fig.  S2 A and B) . Thus, the differences in activation of MAPK p38 and Akt by TB-LM and SmegLM do not fully account for the marked difference in TNF protein production observed for these LMs; however, these kinases likely are important in the initiation of TNF transcription.
TNF Promoter Activity and Expression in Macrophages Stimulated
with LMs. We next investigated whether TB-LM and SmegLM differentially induce TNF promoter activity and steady-state mRNA. Our results show that TB-LM-stimulated macrophages did not significantly decrease promoter activity compared with SmegLM-stimulated cells ( Fig. 2A ; P = not significant). However, significantly less TNF mRNA was present after 6 h of stimulation with TB-LM than after comparable stimulation with SmegLM ( Fig. 2B ), suggesting that one or more posttranscriptional processes may be responsible for the lower protein levels shown in Fig. 1 .
TB-LM Leads to Reduced Translation and Stability of TNF mRNA in
Macrophages. Posttranscriptional control of TNF expression is exerted at the initiation of translation and at the level of mRNA turnover (20, 21) . The efficiency of translation initiation is generally assayed by the amount of a given mRNA on polysomes; given our small sample size, this was determined using sucrose step gradients, a rapid technique with yields comparable to those obtained with linear gradients (22) . MDMs were incubated with SmegLM or TB-LM for 6 h, lysed, and loaded onto step gradients. Then the levels of TNF mRNA in the pellet (polysomes) and interface [nontranslating mRNA-protein complexes (mRNPs)] were determined by quantitative RT-PCR (qRT-PCR). Overall, our results show that 80.04% ± 1.36% (n = 3) of the TNF transcripts were associated with polysomes in SmegLM-stimulated MDMs (Fig. 2C) . In sharp contrast, 71.95% ± 2.78% (n = 3) of the TNF transcripts were associated with the mRNP fraction in TB-LM-stimulated cells. These results indicate that treatment with TB-LM affects the translation of TNF mRNA, most likely by inhibiting initiation, and that this is a contributing factor to the significantly lower amount of TNF elaborated from TB-LMtreated cells compared with SmegLM-treated cells.
Given that the amount of TNF mRNA was also lower in TB-LM-treated cells, we next examined the impact of LM stimulation on TNF mRNA stability. TNF mRNA decayed with biphasic kinetics in TB-LM-treated cells, with 73.51% ± 2.13% of TNF mRNA lost within 15 min of actinomycin D treatment (Fig. 2D ). In contrast, the TNF mRNA half-life was 40 min in SmegLM-treated cells, and decay followed linear kinetics. The difference in decay curves suggests differences in the mechanism through which TNF mRNA is degraded in TB-LM-treated cells vs. SmegLM-treated cells. The data shown in Fig. 2 C and D indicate that TB-LM suppresses TNF production by acting on both the translation and stability of TNF mRNA.
SmegLM and M. smegmatis, but Not TB-LM and M.tb, Are Potent MK2 Activators in Macrophages. To understand the molecular mechanism(s) underlying enhanced TNF mRNA stability in SmegLMstimulated macrophages, we analyzed the activation of MK2, a key molecule for TNF mRNA stability (23) . Activated MK2 translocates to the cytoplasm and maintains TNF mRNA stability through TTP phosphorylation, leading to its removal from the TNF transcript ARE (10). We found that SmegLM stimulation for different time periods led to a more robust and prolonged MK2 phosphorylation compared with that achieved by TB-LM stimulation ( Fig. 3 A and B) , and that this was associated with increased TTP phosphorylation after SmegLM stimulation (Fig. S3A) . Thus, the relative lack of MK2 activation in macrophages provides a mechanism for the reduction of TNF mRNA stability after TB-LM stimulation. In concert with this finding, MK2 knockdown in MDMs significantly reduced TNF production in response to Fig. 1 . LM from M.tb stimulates minimal TNF production, whereas LM from M. smegmatis stimulates robust TNF production depending on TLR2. (A and B) MDM monolayers (A) or THP-1 cells (B) were incubated with TB-LM (5 μg/mL), SmegLM (5 μg/mL), or LPS as a positive control for 24 h. Cell-free culture supernatants were analyzed for TNF production by ELISA. The results in A and B are cumulative data from five and three experiments, respectively, each performed in triplicate (*P < 0.01; **P < 0.001). (C) MDMs were transfected with TLR2 siRNA or scramble siRNA (control) and plated in RPMI containing 20% autologous serum. After 24 h, cells were washed and stimulated with SmegLM (5 μg/mL) for 24 h. Cell culture supernatants were collected and analyzed for TNF production by ELISA (***P < 0.0001). (D) The cell lysates were examined for TLR2 and β−actin expression by Western blot analysis. The graph and Western blot are representative of three experiments. Fig. 3 C and D) . Finally, like SmegLM stimulation, M. smegmatis stimulation led to a more robust MK2 phosphorylation compared with that of M.tb H 37 R v stimulation (Fig. S3B ). These findings demonstrate the importance of MK2 in TNF mRNA stability and TNF production in response to LMs and their associated mycobacteria.
SmegLM (

TB-LM Stimulation Markedly Up-Regulates hsa-miR-125b Expression, Whereas SmegLM Markedly Up-Regulates hsa-miR-155 Expression in
Macrophages. miRNAs represent another potential important class of molecules for regulating TNF biosynthesis in response to LMs. hsa-miR-125b targets the 3′ UTR region of TNF mRNA down-regulating TNF expression in response to LPS in mouse macrophages (14) . In contrast, hsa-miR-155 targets SHIP1, a negative regulator of the PI3K/Akt pathway involved in TNF biosynthesis (15) . In addition, expression of miR-155 was recently shown to increase TNF production through increasing mRNA stability and half-life (24) . Thus, we evaluated whether hsa-miR125b expression is up-regulated in MDMs stimulated with TB-LM compared with those stimulated with SmegLM. The results show that TB-LM-stimulated MDMs have enhanced hsa-miR-125b expression (a 33.0 ± 6.98-fold increase at 3 h and a 35.46 ± 9.56-fold increase at 6 h; n = 3) (Fig. 4A) , whereas SmegLM-stimulated MDMs have enhanced hsa-miR-155 expression (a 29.75 ± 3.90-fold increase at 3 h and a 28.67 ± 3.42-fold increase at 6 h; n = 3) (Fig. 4B) . These results suggest that TB-LM-induced hsa-miR125b binds to the 3′ UTR region of TNF mRNA, contributing to the inhibition of translation in Fig. 2C and possibly its accelerated degradation in Fig. 2D , whereas SmegLM-induced hsa-miR-155 increases TNF mRNA stability and targets SHIP1 for destruction, thereby enhancing PI3K/Akt-mediated signaling and TNF mRNA stability. In concert with this, SmegLM induced greater Akt activation than TB-LM (Fig. S1B ) and demonstrated reduced expression of SHIP1 at later time points (Fig. S4) . In a similar fashion, live M. smegmatis had reduced SHIP1 expression at later time points compared with live M.tb (Fig. S5) . Together, these findings provide evidence that differential regulation of miRNAs by TB-LM and SmegLM is also an important contributor to the differences in TNF production between TB-LM and SmegLM.
Up-regulation of hsa-miR-155 has been linked to TLR2 activation (16), and we determined that TLR2 plays an important role in SmegLM-mediated macrophage TNF production (Fig.  1C) . Thus, we elected to knock down TLR2 and assess miRNA expression after LM stimulation. Our results show that TLR2 knockdown significantly reduced hsa-miR-155 expression in response to SmegLM, but had no effect on the low level of TB-LMmediated hsa-miR-155 expression (Fig. S6A) . In addition, TLR2 knockdown had no effect on hsa-miR-125b expression in response Fig. 2 . TB-LM and SmegLM enhance TNF promoter activity and expression in human macrophages. (A) MDMs were transfected with a luciferase reporter plasmid (K-13 long) by nucleofection and plated in RPMI containing 20% autologous serum. After overnight incubation, the cells were washed and stimulated with TB-LM or SmegLM (5 μg/mL) or were left unstimulated. After 6 h of incubation, luciferase activity was measured with a luminometer. The graph represents three experiments (P = not significant for TB-LM vs. SmegLM). (B) MDMs were stimulated with TB-LM or SmegLM or were left unstimulated for 6 h, and total RNA was extracted and analyzed for TNF mRNA transcripts by qRT-PCR. The graph is representative of three experiments (***P < 0.0001). (C) Polysome analysis was performed in MDMs after LM stimulation as in B. Cell lysates devoid of nuclei were fractionated on sucrose step gradients, and total RNA was extracted from the polysome and mRNP fractions and analyzed for TNF mRNA transcripts by qRT-PCR. The graph is representative of three experiments (*P < 0.01; ***P < 0.0001). (D) A TNF mRNA stability assay was performed in MDMs by incubating cells with actinomycin D (5 μg/mL) for different time points (15, 30 , and 60 min) after stimulation with LMs for 6 h and washing. Total RNA was extracted and analyzed for TNF mRNA transcript levels by qRT-PCR. The graph shows cumulative data from three experiments (***P < 0.0001). Fig. 3 . TNF production is regulated by MK2 in human macrophages. (A and B) MDMs were stimulated with TB-LM (5 μg/ mL) or SmegLM (5 μg/mL) or left untreated for different time periods (30 min, 1 , 2 , 3 , and 6 h). Cell lysates were examined by Western blot analysis using phospho-MK2, followed by total MK2 Abs. (A) A representative Western blot from three experiments. (B) Cumulative data of band intensities from three experiments (*P < 0.01). (C) MDMs were transfected with MK2 siRNA or scramble siRNA, and after 48 h cells were washed and stimulated with SmegLM (5 μg/mL) for 6 h and 24 h. Cell culture supernatants were collected and analyzed for TNF production by ELISA. The graph is representative of three experiments (**P < 0.001; ***P < 0.0001). (D) The cell lysates in C were examined for MK2 and β-actin expression by Western blot analysis.
to either LM (Fig. S6B) , indicating that hsa-miR-125b expression is regulated through another pathway.
Modulation of hsa-miR-125b Expression and TB-LM Pretreatment of
Macrophages Alter TNF Production in Response to LMs. To confirm the involvement of hsa-miR-125b in TNF production in response to LMs, MDMs were transfected with an anti-miR miRNA inhibitor specific for hsa-miR-125b, stimulated with TB-LM or SmegLM and supernatants, and then analyzed for TNF. Inhibition of hsa-miR-125b expression in macrophages enhanced TNF production (by 5.5 ± 0.87-fold; n = 3) in response to TB-LM, but had no effect on SmegLM-induced TNF (Fig. 4C) . Next, MDMs were prestimulated with TB-LM (to induce hsa-miR125b) for 6 h, washed, and treated with SmegLM for 24 h. TB-LM pretreatment of macrophages inhibited SmegLM-mediated TNF production (a 44.53% ± 7.17% decrease, n = 3) (Fig. 4D) . These results support the role of hsa-miR-125b expression in regulating TNF production in macrophages after LM stimulation.
Differential Expression of hsa-miR-125b and hsa-miR-155 Influences TNF Production in M.tb-and M. smegmatis-Infected Macrophages. To ascertain whether the miRNA results obtained with purified LMs are applicable to live bacteria, MDMs were infected with M.tb H 37 R v and M. smegmatis, and miRNA expression was analyzed. The results show that M.tb infection enhanced hsa-miR-125b expression (Fig. 5A ) and limited hsa-miR-155 expression (Fig.  5B) relative to M. smegmatis infection. Furthermore, consistent with our miRNA results with LMs, MDMs infected with M. smegmatis produced higher TNF levels compared with those infected with M.tb (Fig. 5C) . These results provide evidence that after M. smegmatis infection of human macrophages, TNF mRNA stability is increased by down-regulation of hsa-miR-125b expression and up-regulation of hsa-miR-155 expression, which together promote the proinflammatory response.
Discussion
TNF plays a crucial role in the control of mycobacterial growth in macrophages through the activation of macrophage-mediated mycobactericidal mechanisms (25) and in protective immunity (26) . Pathogenic mycobacteria have been shown to induce less TNF than nonpathogenic mycobacteria in human macrophages (27) . The regulation of expression and secretion of TNF by pathogenic mycobacteria is likely a key factor in modulating the host cell immune response. Here we report previously unexplored regulatory pathways that target TNF mRNA expression and stability in M.tb-infected human macrophages and bring to light an important role for miRNAs in this process.
LAMs and LMs are major mycobacterial cell wall immunomodulatory molecules (2, 18) . The bacillus Calmette-Guérin LM Cell-free supernatants were harvested and analyzed for TNF production by ELISA. The graph is representative of three experiments (*P < 0.01). (D) MDMs were stimulated with TB-LM (5 μg/mL) for 6 h, washed with warm media, and resuspended in RPMI medium supplemented with 10 mM Hepes and 0.4% human serum albumin containing SmegLM (5 μg/mL) for 24 h. Cell-free culture supernatants were harvested and analyzed for TNF production by ELISA. The graph is representative of three experiments (*P < 0.01). fatty acids can determine LMs' ability to activate TLRs. Triacylated LM and tetra-acylated LM act as agonists of TLR2/TLR1 and TLR4, respectively, generating a proinflammatory response, whereas diacylated LM induces an anti-inflammatory response (28, 29) . Mannan chain length also contributes to binding to TLR2, related in part to the avidity for the receptor (30) . M. avium paratuberculosis and its LM type result in limited TNF expression in mouse macrophages (19) . We performed detailed biochemical analyses on the SmegLM and TB-LM used in this study (monosaccharide, fatty acid, and succinate composition and linkage analysis by GC/MS; size and molecular composition by SDS/PAGE and MALDI-MS; and verification of chemical and structural composition by NMR). These analyses show significant compositional and structural differences between the LMs. Specifically, our results demonstrate that M.tb H 37 R v produces a large, neutral LM, whereas M. smegmatis produces a smaller, linear, acidic LM. Compared with the TB-LM, the SmegLM has a linear and shorter mannan domain that is heavily substituted with acyl groups (succinates) and contains more arabinose residues (31). Thus, several unique structural motifs of the LMs likely contribute to our results.
We found markedly increased TNF production in macrophages by SmegLM compared with TB-LM. Consistent with a previous report (4), we determined that human macrophages recognize SmegLM through TLR2, leading to TNF production. Similarly, LAMs, and particularly LMs from the less pathogenic Mycobacterium chelonae and Mycobacterium kansasii, induce TNF production in the human macrophage-like cell line THP-1 by a TLR2-dependent mechanism (4). Our study provides evidence indicating that although TB-LM activates macrophages and induces signaling cascades required for TNF mRNA expression through TLR2, there is reduced translation and rapid degradation of TNF mRNA in TB-LM stimulated macrophages. Importantly, the central findings were recapitulated using live M.tb and M. smegmatis. Thus, our results reveal a unique mechanism by which M.tb is able to subvert the host cell immune response.
MAPK p38 and Akt activation contributes significantly to TNF expression in mycobacteria-infected macrophages (32) . In this regard, pathogenic M. avium infection limits MAPK p38 activation in mouse macrophages compared with M. smegmatis (6, 19) . Surprisingly, we found no significant difference in MAPK p38 activation between TB-LM and SmegLM after stimulation of human macrophages through TLR2, but a reproducible decrease in Akt activation in the case of TB-LM. In addition, we found a decrease in TNF expression in response to TB-LM as demonstrated by steady-state mRNA levels. This led us to examine the stability of TNF mRNA, focusing on MK2 (23) and miRNAs (14) .
There is growing evidence that MK2, a MAPK p38-regulated kinase, effects TNF mRNA stability (33, 10) . In particular, mice that lack MK2 show increased stress resistance and survive an LPSinduced endotoxic shock/cytokine storm due to decreased TNF production with no change in TNF receptor-mediated signaling (34) . MK2 deficiency in mice results in increased susceptibility to Listeria monocytogenes infection (35) , and MK2 differentially regulates Plasmodium falciparum glycosylphosphatidylinositolinduced production of TNF in mouse macrophages (36) . These findings indicate an important role for MK2 in host defense against intracellular pathogens through the regulation of TNF production required for activation of antimicrobial effecter mechanisms. Our results demonstrate that SmegLM and live M. smegmatis phosphorylate MK2 more robustly and over a longer period compared with TB-LM. These results are correlated with the time course of TNF mRNA production and decay, indicating that regulation of MK2 is responsible in part for the decreased TNF production in TB-LM stimulated macrophages.
The critical role of miRNAs in various biological processes in health and disease, including the release of inflammatory mediators, is emerging (37, 38) . An important discovery in the current study is the identification of specific miRNAs that link TNF protein repression with mRNA degradation in TB infection. Our findings reveal differential expression of hsa-miR-125b and hsamiR-155 in TB-LM-stimulated macrophages. miR-125b targets the 3′ UTR of the TNF transcript and down-regulates TNF production (14) . It also enhances the stability of κB-Ras2, an inhibitor of NFκB signaling in human macrophages, thereby decreasing the inflammatory response (39) . Consistent with this, TB-LM induced increased hsa-miR-125b expression, which correlated with the decreased TNF production. In contrast, SmegLM induced increased hsa-miR-155 expression in macrophages, with a basal level of hsa-miR-125b expression that correlated with increased TNF production. We found that SmegLM induction of hsa-miR-155, but not of hsa-miR-125b, is mediated through TLR2. Anti-miR-125b significantly increased TNF production in response to TB-LM, and pretreatment of macrophages with TB-LM significantly decreased TNF production in SmegLMstimulated cells, likely through hsa-miR-125b induced translational repression and/or degradation of TNF mRNA. We reproduced our results using live M.tb and M. smegmatis.
miRNA hsa-miR-155 regulates TNF production by targeting the inositol phosphatase SHIP1 for degradation through its 3′ UTR interaction (15) and enhances TNF mRNA stability (24) . We found that SmegLM-and M. smegmatis-stimulated macrophages enhanced hsa-miR-155 expression, which led to reduced SHIP1 expression at later time points (accounting for greater Akt activation in the case of SmegLM), thereby enhancing TNF mRNA stability and TNF production. Taken together, our results provide evidence that miRNAs are important regulators of TNF production during mycobacterial infection. Apart from the current work, only some very recent publications have identified the fact that pathogenic microorganisms can induce miRNA expression in immune cells (16, 40) .
In the present study, TLR2-dependent activation of MAPK p38 and Akt by TB-LM and SmegLM did not fully account for the difference in TNF protein production observed for these LMs. Rather, differential MK2 activation and miRNA expression were key to the regulation of translation and mRNA stability. MK2 is activated by MAPK p38, and it is possible that the differential activation of MK2 is associated with the level of nuclear translocation of activated MAPK p38, which is dependent on the type of stimulus given (41) . Other reports demonstrate that changes to the cytoskeletal infrastructure, such as Rho/ROCK and actin cytoskeleton (42) , microtubules, and dynein also regulate the translocation of MAPK p38 to the nucleus (43) . We speculate that TB-LM-activated MAPK p38 may fail to translocate to the nucleus. Differential expression of miRNAs in response to TB-LM and SmegLM may be due to the activation level of transcription factors involved in induction of miRNA expression in human macrophages (16, 39) .
Materials and Methods
Transfection and Luciferase Assays. MDMs were transfected with 200 nM scramble siRNA or TLR2 siRNA (sense: CUGGUAGUUGUGGGUUGAAGCdTdT; antisense: GCUUCAACCCACAACUACCAGdTdT) for 48 h as described previously (44) , with anti-miR miRNA inhibitors and plasmid-expressing TNF luciferase (11110:k3 long; Addgene) using an Amaxa Nucleofector for 16 h or with MK2 siRNA (smart pool) for 48 h. The transfection efficiency of MDMs was >95% as determined by transfecting a GFP-expressing plasmid into MDMs and then analyzing the percentage of GFP-expressing cells by fluorescence microscopy (Fig. S7) . Transfected cells were used for subsequent experiments, including cytokine ELISA, luciferase assays, and Western blot analyses. For the promoter reporter assay, transfected cells were either left unstimulated or stimulated with TB-LM or SmegLM (5 μg/mL) for different time periods. Cells were lysed in 100 μL of Luciferase Cell Culture Lysis Reagent (Promega). Luciferase activity was measured using Promega Luciferase Assay Reagent. For blocking miR-125b, MDMs were transfected with antimiR miRNA inhibitor for miR-125b or negative control (100 nM) using an Amaxa Nucleofector. The transfectants were stimulated with TB-LM or SmegLM, and TNF was measured by ELISA.
